General Methods
Starting materials and solvents were purchased and used without further purification from commercial suppliers (Sigma-Aldrich, Alfa Aesar, EMD, TCI, Cambridge Isotope Laboratories, Inc., and others). Proton nuclear magnetic resonance spectra ( 1 H NMR) were recorded on a Varian FT-NMR spectrometer (400 MHz for 1 H NMR). Chemical shifts were quoted in parts per million (ppm) referenced to the appropriate solvent peak or 0 ppm for TMS.
Experimental Procedures
Synthesis of [FeFe] dcbdt (CO) 6 (1, dcbdt = 1,4-dicarboxylbenzene-2,3-dithiolate).
To tetramethylethylenediamine (3.12 mg, 21 mmol) was added n-BuLi (1.6 M, 13 mL, 21 mmol) under argon at 0 °C. The solution was stirred for 5 min and then benzenedithiol (0.5g, 3.5 mmol), dissolved in dry cyclohexane (30 mL) was added dropwise. The mixture was allowed to slowly warm up to ambient temperature and then stirred for 95 h.
After cooling the suspension again to 0 °C, a stream of CO 2 gas (from dry ice, dried through P 2 O 5 ) was led into the mixture over 3 h. The solvent was removed under vacuum and a yellow solid obtained. 1, 2 The crude product was dissolved in dry THF (40 mL) and added to Fe 3 CO 12 (3.5g, 7 mmol). The dark green mixture was refluxed for 1h while turning red. The solvent was removed under reduced pressure and the crude product purified by flash chromatography on silica using a solvent gradient starting with hexane- . A solid mixture of ZrCl 4 (16 mg, 0.07 mmol), terephthalic acid (11.6 mg, 0.07 mmol) and benzoic acid (427 mg, 3.5 mmol) was dissolved in DMF (4 mL). This solution was capped and sealed in a 20 mL vial, and allowed to react solvothermally at 120 °C for 24 h. After cooling, the mixture was centrifuged, then the solids were left to soak in MeOH for 3 d, and the solution was exchanged with fresh MeOH (10 mL) every 24 h. After 3 d of soaking, the solids were centrifuged and dried under vacuum. (dcbdt)(CO) 6 . 1 (50.8 mg, 0.1 mmol) was dissolved in deoxygenated Millipore water (5 mL). Deoxygnation was performed bubbling Millipore water with N 2 (3×30 sec). This orange solution was centrifuged to remove the impurities, then added to UiO-66 (ca. 28 mg, 0.1 mmol equiv of -BDC) and the mixture was sonicated for 10 min to disperse UiO particles in the solution, then placed onto a place shaker to shake continuously for 24 h. After 24 h, the mixture was centrifuged and the solids were washed with copious amount of MeOH until the supernatant was colorless. Then the solids were left to soak in MeOH for 3 d, and the solution was exchanged with fresh MeOH (10 mL) every 24 h. After 3 d of soaking, the solids were centrifuged and dried under vacuum. (bdt)(CO) 6 or [FeFe] (dcbdt)(CO) 6 
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Scanning Electron Microscopy-Energy Dispersed X-ray Spectroscopy.
Approximately 2-5 mg of activated UiO materials was transferred to conductive carbon tape on a sample holder disk, and coated using a Cr-sputter coating for 8 seconds. A Philips XL ESEM instrument was used for acquiring images using a 10 kV energy source under vacuum. Oxford EDX and Inca software are attached to determine elemental mapping of particle surfaces at a working distance at 10 mm. Around 19000X magnification images are collected.
X-ray Absorption Spectroscopy (XAS). XAS measurements were obtained at the
Advanced Photon Source (APS) beamline 9-BM at Argonne National Laboratory.
Beamline 9-BM is equipped withconsists of a Si(111) monochromator, and focusing is achieved with a rhodium-coated toriodal mirror. XAS was measured in transmittance mode and samples were maintained at room temperature. For each sample, approximately 20 mg were dried under vacuum for overnight, and brushed into a thin film sealed by Kapton tape. Three scans were accumulated and averaged for each sample, and the energy was calibrated by reference to the absorption of a Fe foil measured simultaneously.
Crystallographic Data. Crystallographic data sets were collected from single crystal samples mounted on a loop fiber and coated with N-paratone oil (Hampton Research). Collection was performed using a Bruker SMART APEX diffractometer equiped with an APEXII CCD detector, a graphite monochromator and a 3-circles goniometer. The crystal-to-detector distance was 5.0 cm, and the data collection was carried out in 512 x 512 pixel mode. The initial unit cell parameters were determined by a least-squares fit of the angular setting of strong reflections, collected by a 10.0 degrees scan in 12 frames over three different parts of the reciprocal space (36 frames total) and re-refined with the whole data set of significant reflections. Cell refinement and data reduction were performed with SAINT V7.68A (Bruker AXS). Absorption correction was done by multi-scan methods using SADABS96 (Sheldrick). The structure was solved by direct methods and refined using SHELXL97 (Sheldrick). All non-H atoms were refined by full-matrix least-squares with anisotropic displacement parameters while hydrogen atoms were placed in idealized positions except for the hydrogens of the carboxylic acid which were placed at the singly bonded oxygen refined to a distance of Photocatalysis. All components were added to the reaction flask. The determined total headspace of this flask was 88 mL and after adding 10 mL reaction solution, the headspace volume used for calculations was 78 mL. Before starting the experiment, the reaction mixture was purged with argon for 40 min. The H 2 -sensor (HY-optima 740 high contaminant tolerant process analyzer) was turned on and activated by adding 0.5 mL pure H 2 -gas into the reaction vessel. When a stable hydrogen content was detected, the LED (blue, 470 nm, 850 µE) was turned on and applied over up to 3h.
Calculation of number of moles of MOF catalyst.
Based on the molecular formula and 15% replacement of bdt linkers by catalyst the molecular formula is defined as: 
